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We present muon spin relaxation and 1H NMR results on the magnetically frustrated keplerate molecule
Mo72Fe30, aimed at studying the local spin dynamics as a function of temperature. We find that, in common
with other molecular magnets, the relaxation spectrum of this material is characterized by a single dominating
electronic correlation time . Experiments and theory show that  has a thermally activated behavior with an
activation gap of the order of the energy difference between the lowest-lying rotational bands in this material.
This shows that, in the intermediate temperature range just above 1 K, the relaxation of the electronic spin
system occurs via Orbach processes involving energy levels belonging to the two lowest-lying rotational bands.
Our data thus provide an experimental estimate of the first interband gap.
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I. INTRODUCTION
A great deal of research has been devoted in the past few
years to the preparation and study of novel so-called single
molecule magnets, a group of solid materials constituted by a
network of identical, iso-oriented magnetic molecules, each
of them consisting of a relatively small cluster of ferro- or
antiferromagnetically coupled magnetic ions embedded in an
organic shell. With the clusters magnetically separated by
these shells, macroscopic measurements yield to a large ex-
tent the amplified responses of the individual molecules and
can be, therefore, directly related to them. This, together with
the mesoscopic nature of the clusters, halfway between
atomic and macroscopic scales, makes these materials ideal
models for studying quantum size effects such as the quan-
tum tunneling of the magnetization, the quantum coherence,
etc.1–3
Ideally, one would also like to study the crossing from
quantum to bulk cooperative behavior by increasing progres-
sively the size of the magnetic cluster. This, however, even-
tually depends on the availability of molecular structures
capable of accommodating increasing numbers of magnetic
centers, something that might not be straightforward using
traditional bridging ligands. Recently, however, new syn-
thetic strategies4,5 have led to the preparation of a new kind
of highly symmetric polyoxomolybdate compound that
opens up the possibility for such giant paramagnetic clusters.
The compound Mo72Fe30O252Mo2O7H2O2Mo2O8H2
H2OCH3COO12H2O91 ·150H2O, hereafter Mo72Fe30,
is paradigmatic among these new keplerates and certainly
one of the largest magnetic molecules prepared to date. The
30 Fe3+ s=5/2 ions in this material occupy the vertices of
an icosidodecahedron embedded in a framework of
MoMo5 groups that acts as an effective superexchange
pathway despite the large nearest-neighbor Fe-Fe distance
6.4 Å,6 leading to a relatively strong antiferromagnetic
AFM coupling J=1.55 K Refs. 7 and 8 and a ground
state with net spin ST=0. The system behaves as a simple
paramagnet down to about 20 K, where the susceptibility
departs from a simple Curie-Weiss law before reaching a
plateau at 1 K. As a first approximation, the magnetism of
Mo72Fe30 has been described by a classical Heisenberg
model.9,10 Since the icosidodecahedron composed of 20
corner-sharing triangles can be partitioned into three sublat-
tices, the model leads to the same ground state spin arrange-
ment as in the classical AFM triangle; that is, with nearest-
neighbor spins at a relative angle of 120°. The model
correctly predicts the quasilinear field dependence of the
magnetization up to a critical field Bc=17.7 T, at which it
saturates.7
As an alternative, a simplified quantum model based on a
rotational band picture of the low-lying excitation spectrum
has been proposed. This also accounts for the overall low-T
behavior in this material. The concept of rotational bands
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i.e., ESS+1, where E is the energy of each discrete
level, which approximates the low-energy states of molecu-
lar ring structures with an even number of antiferromagneti-
cally coupled Heisenberg spins,11–14 also applies to
other finite Heisenberg systems with AFM exchange, includ-
ing nonbipartite, frustrated lattices such as the
icosidodecahedron.15 Thus, by considering an effective
Hamiltonian which accounts for the three sublattices in
Mo72Fe30, Schnack and co-workers derived an excitation
spectrum whose lower part is formed by a set of parallel
rotational bands, with the gap between the two lowest bands
being 5 J 8 K.8,15,16 The presence of the first band has
been further corroborated by a density-matrix renormaliza-
tion study.17 Experimentally, the observed temperature and
field dependences of the magnetization are also consistent
with the existence of the first quadratic band.7,16 Evidence
for higher order bands has been provided by a recent neutron
scattering study, which shows a main mode centered at
0.6 meV 8 K, interpreted as arising from transitions be-
tween the two lowest bands.8 The details of the spectrum,
especially its field dependence at base T, are not, however,
entirely consistent with the model of Schnack and co-
workers.
Here, we present a muon spin resonance SR and NMR
study of the local spin dynamics in Mo72Fe30 as a function of
temperature 0.02T300 K at various constant fields.
Theoretical calculations of the nuclear spin-lattice relaxation
rate 1 /T1 are performed within the framework of the three-
sublattice quadratic-band model. We find that 1 /T1 probes
the decay of the fluctuations of the total molecular magneti-
zation produced by the magnetoelastic coupling with the
phonon heat bath. At low T, this decay is mainly determined
by a single type of relaxation process involving multistep
Orbach paths passing through the first-excited rotational
band. Therefore, these data provide further support for the
three-sublattice quadratic-band model and highlight the pos-
sibility of obtaining the interband gap by studying the tem-
perature behavior of the experimental NMR and SR relax-
ation rates.
II. EXPERIMENTAL DETAILS AND RESULTS
A. Muon spin relaxation measurements
The polycrystalline samples of Mo72Fe30 under study
were synthesized as reported in Ref. 5. Muon spin relaxation
+SR data were collected at various longitudinal field val-
ues in the temperature range 0.02T300 K on the GPS
and LTF beamlines at the LMU facility PSI, Switzerland.
For a review of the +SR technique, see, for example, Ref.
18. Basically, information about the dynamics of the local
fields in the sample is obtained by monitoring the positrons
emitted by the muons during their decay in detectors placed
in the forward NF and backward NB positions relative to
the polarized muon beam. The muon-spin relaxation function
or asymmetry is given by
Gt =
NBt − NFt
NBt + NFt
= Pzt + abk, 1
where abk is the contribution from muons stopped outside the
sample and  is an instrumental parameter that accounts for
the forward/backward detector efficiency. Pzt describes the
muon depolarization inside the specimen and thus provides
information on the time evolution of the internal fields.
First, before presenting our SR data and analysis, we
want to point out that, in line with which has been previously
observed for other molecular magnets see, e.g., Refs. 11, 20,
21, and 32, we did not observe the formation of muonium in
the present system as indicated by the constant initial asym-
metry close to the full value expected for the given geom-
etry throughout the entire temperature range.
Figure 1 shows the temperature evolution of the muon
polarization for LF=300 G. Those at LF=2400 G are quali-
tatively identical. GPS data 2T200 K were fitted to
Gt = a1 exp− 	1SRt + a2 exp− 	2SRt + abk, 2
where the total asymmetry and the relative weights of the
two components were kept constant a1 /a21.2 over the
entire T range. For LTF data T1 K, on the other hand,
the majority component shows a Gaussian relaxation, i.e.,
Gt = a1 exp− 
1
2t2 + a2 exp− 	2SRt + abk. 3
The temperature dependence of the various + relaxation
rates obtained from fits to Eqs. 2 and 3 is shown in Fig. 2.
The magnitude of the relaxation times is small and remains
essentially unchanged on increasing LF, which a priori indi-
cates that the relaxation is dynamical in nature; that is, we
are probing spin-lattice relaxation processes associated with
low-energy spin excitations. This, however, is in contrast
with the Gaussian shape of the low-temperature 1 K
curves, usually associated with depolarization caused by a
distribution of static fields. We do not have, at the moment, a
plausible explanation for this apparent contradiction, which,
on the other hand, does not have a significant relevance in
our analysis and discussion of the data.
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FIG. 1. Temperature dependence of the + polarization decay in
LF=300 G. Solid lines represent the fits to Eq. 2 in the main text.
Inset: ID for LTF T1 K data. Solid lines represent the fits to Eq.
3.
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The observed two relaxation channels arise from the pres-
ence of at least two inequivalent muon stopping sites, the
different magnitudes of the associated muon depolarization
rates being, therefore, due to the difference in the total num-
ber of muons stopping in each inequivalent site. The magni-
tude of the different slow and fast relaxation rates 	1SR
1
and 	2SR is due to different distances of muons from the
FeIII magnetic ions, i.e., different intensity of the corre-
sponding hyperfine interactions.
As already hinted by the raw curves, the relaxation re-
mains slow and almost temperature independent down to
4 K, where it shows a sharp increase before reaching a
plateau for T1 K. Frequently, this can be associated with a
thermally activated behavior of the electronic correlation
time ; in fact, the derived muon-relaxation rate 	SR can be
fitted above 1 K to a phenomenological exponential 	SR
=	SR
0 exp /T with 10 K. Note that in this T range,
with the depolarization of the muon ensemble caused by dy-
namical fluctuations of the electronic spin system, one has
	SRBi / 1+L
22, where Bi is the rms average internal
field, L=Bappl, and  the characteristic time of the elec-
tronic fluctuations. Safely assuming 1/L, it can be writ-
ten that 	SRBi; that is, the observed thermal behavior of
the muon depolarization is simply reflecting the thermally
activated behavior of the characteristic time , i.e., 
=0 exp /T, discussed below see also NMR data on mo-
lecular rings22 for a similar fitting model first used heuristi-
cally.
Finally, Fig. 3 shows the field dependence of the relax-
ation rates derived from the fit to Eq. 3 of data collected at
T=0.02 K in LF values that span the calculated first level
crossing in Mo72Fe30 B00.24 T Ref. 16. Confirming
preliminary results reported elsewhere,20 there is no distinct
feature in the relaxation of the system at the field B0 that
produces the crossing.
B. Nuclear magnetic resonance measurements
1H NMR measurements were performed on Mo72Fe30
powders in the temperature range 1.5T300 K at several
magnetic field values using a standard Fourier-transform
pulse spectrometer. The 1H NMR spectrum consists of a
single line with no peculiar structure, the width being due to
the nuclear dipolar interaction.11 The data referring to the
temperature behavior of its full width at half maximum are
reported in Ref. 19. The nuclear spin-lattice relaxation rate
NSLR, T1
−1 was measured from the recovery of the nuclear
magnetization obtained with a Hahn-echo sequence, follow-
ing a series of saturating radio-frequency pulses. As already
reported in previous work on this material,19,20 this recovery
deviates from a single exponential behavior due to the num-
ber of different inequivalent protons in the molecule, each
with its own relaxation rate. The reported T1
−1
’s are, there-
fore, average values, estimated from the initial slope of the
recovery curve following the common practice in these
cases.21 The thermal evolution of the relaxation rates for B
=1.18 and 2.75 T is presented in Fig. 4. Here, the solid lines
represent the fits performed following the model presented in
Sec. III. As for other molecular magnets,19,22,23 1 /T1B ,T is
characterized by a low-T maximum which shifts to higher T
and reduces its intensity with increasing magnetic field.
III. THEORETICAL ANALYSIS AND DISCUSSION
In this section, we will first address the analysis of the
temperature and field dependences of the NMR NSLR,
FIG. 2. Muon longitudinal relaxation rates 	1SR 	1SR	
1
for T1 K and 	2SR corresponding to two different muon im-
plantation sites solid squares, 	1SR or 
1; empty circles, 	2SR on
Mo72Fe30 powders in LF=300 G A and 2400 G B obtained from
the fit of the depolarization curves to Eq. 2 GPS and Eq. 3
LTF in the text. The solid lines represent the fit to Eq. 13 of the
fastest rates, with the parameter values reported in the text. The Eq.
13 model fits also the slowest rates; fitting curves are not reported
for clarity.
FIG. 3. Field dependence of the low-temperature longitudinal
relaxation rates corresponding to the two muon implantation sites in
Mo72Fe30 powders obtained from the fit to Eq. 3 of LTF data
collected at T=0.02 K for LF values that span the calculated first
level crossing B02400 G.
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which will then be extended to the +SR relaxation rate.
Each Fe30 magnetic molecule can be described by the spin
Hamiltonian
H = 

ij
Jijsi · s j + 

i


k,q
bk
qiOk
qsi
+ 

ij
si · Dij · s j − gBB · S , 4
where si are spin operators of the ith magnetic ion in the
molecule. The first term is the isotropic Heisenberg exchange
interaction. The second term describes the interactions with
local crystal fields CFs, with Ok
qsi Stevens operator
equivalents for the ith ion24 and bk
qi CF parameters. The
third term represents the dipolar anisotropic intracluster spin-
spin interactions. The last term is the Zeeman coupling with
an external field B g=1.974 Ref. 9, with S the total spin.
The dimension of the Hilbert space for Fe30 is huge 630 and
precludes the numerical diagonalization of H on any com-
puter. Recently, an approximate three-sublattice model has
been proposed and exploited to analyze inelastic neutron
scattering results.8,16 By naming SA, SB, and SC the total spin
of the three sublattices, the low-energy spin dynamics of Fe30
is approximately described by
Hef f = JSA · SB + SA · SC + SB · SC/5 − gBB · S , 5
where J=1.55 K is the nearest-neighbor exchange constant
and S is the total spin of the molecule. Eigenvalues of Hef f
can be analytically calculated as
ESA,SB,SC,S,M = JSS + 1 − SASA + 1 − SBSB + 1
− SCSC + 1/10 − gBBM , 6
with M the eigenvalue of the z component of the total spin.
The system has a nonmagnetic S=0 ground state, whereas
the low-lying excited states form a set of parabolic “rota-
tional” bands see Fig. 5. The lowest band is composed of
132 651 levels, while the second rotational band contains
3 441 123 states.
Since Fe3+ ions are arranged on the vertices of an icosi-
dodecahedron, Fe30 offers the possibility of studying the re-
laxation behavior of a highly frustrated system. The low-
frequency quasielastic QE spin dynamics is calculated as in
Ref. 29. The interaction with the phonon heat bath leads to
the following expression for the Fourier transform of the
time autocorrelation function for equilibrium fluctuations of
two generic observables A and B:
SA,B = 

q,t
Btt − BeqAqq − AeqRepteq 1i − Wqt ,
7
where pt
eq is the equilibrium population of the tth level,
Btt= tBt, and W is the so-called rate matrix. Its elements
Wst represent the probability per unit time that a transition
between levels t and s is induced by the interaction with
the heat bath. The QE frequency spectrum is therefore a sum
of n Lorentzians centered at zero frequency whose widths 	i
are the eigenvalues of −W n being the dimension of the
molecule spin Hilbert space. As noted in Ref. 29, these n 	i
are different from the n inverse level lifetimes.
The main contribution to the spin-phonon coupling poten-
tial V comes from the modulation of isotropic exchange and
of rank-2 intramolecular anisotropic interactions by elastic
waves. However, experimental information is by far insuffi-
cient to assess the specific form of V. Moreover, even if V
was known, it would not be sensible to calculate the Wst
matrix elements. Their calculation requires knowledge of the
complex composition of each eigenstate in terms of local
spin states, and this is not set by the three-sublattice model.
In view of this, the most unbiased choice is to assume v
= tVs2=1 if the selection rules S=0,1 ,2; SA
=0,1 ,2; SB=0,1 ,2; SC=0,1 ,2; SAB=0,1 ,2; and
M=0,1 ,2 are satisfied, and v=0 otherwise SAB=SA
+SB. This sort of approximation is analogous to that used in
Ref. 8 for the interpretation of neutron spectroscopy data. By
χ
FIG. 4. 1 / T1T vs T curves for two different values of the
applied magnetic field B. The empty circles and squares are experi-
mental data, while the solid and dashed lines are calculations see
text.
FIG. 5. The two lowest bands of energy levels calculated in zero
field from the three-sublattice model Refs. 8 and 16.
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adopting a Debye model for phonons, for allowed transi-
tions, this leads to
Wst = vst
3 nst , 8
with
nx = ex − 1−1, st = Es − Et/ .
The free parameter  describes the spin-phonon coupling
strength, and is determined by comparison with experimental
data. Even within this approximation, calculating the relax-
ation spectrum Eq. 7 by including all the states belonging
to the two lowest bands is unfeasible because of the huge
dimension of the resulting Hilbert space 3 573 774 states.
Therefore, in order to calculate the relaxation dynamics of
Fe30, we have made two further approximations. First, we
have limited our calculations to low temperature, thus in-
cluding levels with energy only up to 11.1 K 9.3 K from
the field dependent ground state for B=1.18 T B
=2.75 T, and higher-lying levels of the two lowest bands
connected to these by V. For each of these eigenstates of the
second band, there are eight further degenerate eigenstates
having the same set of quantum numbers
SA ,SB ,SC ,SAB ,S ,M. To further reduce the dimension of the
spin Hilbert space, we have considered only one representa-
tive state out of nine, and we have multiplied interband
transition probabilities by 9. We have checked that if both
these approximations are relaxed, results do not change
qualitatively.
Important information on the relaxation dynamics of Fe30
can be obtained through NMR measurements of the nuclear
spin-lattice relaxation rate 1 /T1.29 The latter is given by a
linear combination of the Fourier transforms of electronic
spin correlation functions evaluated at the Larmor
frequency.25,27,28,30 By considering only the Heisenberg and
Zeeman terms in H Eq. 4, the spin-lattice relaxation rate
of a magnetic nucleus of Larmor frequency L interacting
with a molecule composed of N spins may be written as
1
T1
 

i,j=1,N
ijSsiz,sjzL + Ssiz,sjz− L
+ ijSsi+,sj−L + Ssi+,sj−− L + Ssi−,sj+L
+ Ssi−,sj+− L , 9
where ij and ij are geometrical coefficients of the dipolar
interaction between nuclear and electronic spins, and SA,B
is the Fourier transform of the time correlation function.
Since far from level crossings Lst, only the QE part of
the SA,B in the above formula contributes to 1/T1.26 If
magnetic anisotropy is neglected, Eq. 7 implies that only zz
terms are nonzero in Eq. 9 because ssi
±s= tsi
±t=0.
In addition, within the three-sublattice model, ssi,zs
 sSzs. Therefore, within the present model, the nuclear
spin-lattice relaxation rate is proportional to the Fourier
transform of the autocorrelation function of Sz:
1/T1  SSz,SzL . 10
Hence, in Fe30 a measure of 1 /T1 allows one to directly
extract information on the decay of the autocorrelation of the
molecular magnetization. Therefore, in the following, we fo-
cus on the case A=B=Sz; i.e., we study the spectrum of
fluctuations of the molecular magnetization. In general,
many different relaxation frequencies 	iT ,B can contribute
to this spectrum:
SSz,Sz,T,B = 

i=1,n
A	i,T,B
	iT,B
	iT,B2 + 2
. 11
Figure 6a shows logarithmic intensity plots of the fre-
quency weights A	i ,T ,B as function of temperature T. The
free parameter =310−5 THz−2 has been estimated by fit-
ting the position of the peaks observed in the T dependence
of 1 /T1 see below. The precise value of  does not change
τ
Lo
g 1
0(
λ
(T
H
z)
)
B = 1.18 T
γ = 3x10-5 THz-2
(a)
(b)
FIG. 6. a Calculated frequency spectra A	i ,T ,B of the mag-
netization autocorrelation SSz,Sz as a function of T. The gray
scale maps log10 A /T and gives the weight of each Lorentzian in
the spectrum of fluctuation of Sz. For each value of T, the
-integrated weight equals the size of equilibrium fluctuations, pro-
portional to T. The dashed line represents the 1H Larmor angular
frequency L, and the white points are the characteristic frequency
	0T extracted from experimental NMR data see Fig. 6b. The
graphic shows only the frequency weights larger than 1%. b Cal-
culated line and measured squares relaxation time 0
mag for B
=1.18 T. The line corresponds to the dominant frequency 	0 in Fig.
6a. The T dependence of 0
mag follows an Arrhenius law with a gap
7.2 K.
LOW-ENERGY SPIN DYNAMICS IN THE GIANT… PHYSICAL REVIEW B 76, 064432 2007
064432-5
the spectra qualitatively, but merely sets the frequency scale.
Surprisingly, a single Lorentzian of characteristic frequency
	0 dominates the relaxation spectrum of Sz for a fairly wide
range of values of T and B. By exploiting linear response
theory, the dynamical structure can be approximately rewrit-
ten as
SSz,Sz,T,B  T
	0T,B
	0T,B2 + 2
, 12
where T is the magnetic susceptibility times the tempera-
ture, and represents a quantity proportional to the effective
magnetic moment ef f. The single dominating decay time
QE=	0
−1 is different from the lifetime of any thermally popu-
lated level. Our calculations indicate that in the single
Lorentzian regime, the decay of fluctuations of the molecular
magnetization is mostly due to interband Orbach-like pro-
cesses. In particular, the dominant relaxation time QE fol-
lows, at low T, an Arrhenius law exp /T with 
7.2 K for B=1.18 T Fig. 6b, which is close to the
energy gap between the two lowest energy bands. Direct in-
traband transitions do not appreciably affect the relaxation
behavior due to the small associated gaps.
Since there is only a single frequency with appreciable
weight in the spectrum of fluctuations, Eq. 10 implies see
Fig. 4 that 1 / T1T displays a sharp peak at the tempera-
ture T0 for which 	0T0=L, i.e., where the horizontal
dashed line intersects the black curve in Fig. 6a. In spite of
the unavoidable approximations made in the calculation, the
agreement between theoretical and experimental results in
Figs. 6 and 4 is very good and provides strong support to our
picture of relaxation dynamics in Fe30. In particular, a single
thermally activated Orbach process sets the decay of Sz, just
as found in AF rings, AF grids, and high-anisotropy
nanomagnets.29,31 This in spite of the very different spectrum
of the highly frustrated Fe30 molecule.
In contrast to the NSLR, the muon-relaxation rate ob-
tained from the analysis above see Fig. 2 does not peak at
low T. In fact, it flattens for T1 K to a common value
	05.5 s−1 for the two applied fields used in the experi-
ment. This cannot be the result of the different hyperfine
coupling of + and 1H since, if we are probing spin dynam-
ics at the Larmor frequency L, the relaxation rates of the
two species should just differ by a scaling factor and their T
dependence should be the same. It seems therefore that, in
this temperature range, the +SR rate is probing relaxation
processes other than those probed by NMR. The reason for
this behavior is not well understood, and here below, we
limit ourselves to introducing different possible hypotheses.
First, we notice that the presence of low-T spin fluctua-
tions whose frequencies do not depend on temperature is
commonly ascribed to the relaxation of the electronic spin
system via a quantum mechanical mechanism and has been
found ubiquitous among geometrically frustrated systems
due to the large ground state degeneracy. Since the Fe3+ ions
in Mo72Fe30 sit on the vertex of a frustrated, albeit finite,
lattice thus leading to a relatively high degeneracy of the
energy levels16, a similar explanation could, in principle, be
valid for this material.
Alternatively, the +SR signal may not be picking up the
intrinsic dynamics of the electronic spin system, which could
be the case if the depolarization of the muon ensemble is no
longer dominated by electronic spin dynamics, once the Or-
bach process that dominates above 1 K becomes irrelevant
at lower T, but by the quasistatic T-independent dipolar in-
teractions of intermolecular origin note that the LTF curves
in Fig. 1 show a Gaussian front end, usually associated with
a distribution of static internal fields. However, a detailed
calculation of, first, the muon stopping sites and then of the
dipolar fields sensed at this position must be carried out be-
fore a definitive answer to this question is produced.
Finally, we would like to remark that the observed behav-
ior is unlikely to be the result of an improper thermalization
measurements were made on powder samples as
T-independent muon relaxation has been previously ob-
served in other molecular magnets at temperatures as high as
40 K in V15,32 well above the region where thermalization
of the sample could be a problem.
Whatever the muon-relaxation mechanism below 1 K, the
rise in the muon-relaxation rate occurring at higher T can be
analyzed in the same way as the NSLR. Following the same
arguments as in NMR, one arrives at an expression for the
muon depolarization rate formally identical to Eq. 12. In
fact, following Ref. 32 and in analogy to the paper regard-
ing NMR data, i.e., Ref. 22, it can be written
	SRT,B = AT
	0T,B
	0T,B2 + L
2 , 13
where 	0 has its current meaning, A is the average of the
hyperfine field fluctuations at the muon sites, and L is
the Larmor frequency of the muon. By assuming 	0
= 1/0exp− /T, the fitting procedure regarding the fast-
est relaxation rates the same fitting model is valid for the
slowest component; data are not reported for the sake of
clarity for B=300 and 2400 G in the temperature interval
1.5T10 K gives A=1.091016 rad2 / s2, 0=0.2
10−10 s, and =10.55 K. These results confirm the pres-
ence of a single dominating electronic correlation time with
activated behavior. We can finally note that, apart from the
effects on A due to different hyperfine coupling constants
and gyromagnetic ratios, the position of the muons intersti-
tial and protons at crystal sites does not influence the re-
vealed results about spin dynamics. This is the expected con-
sequence of a difference in geometrical location of a local
probe with respect to the magnetic FeIII center.
IV. CONCLUSIONS
We have presented a NMR and +SR study of the tem-
perature dependence of electronic spin dynamics in
Mo72Fe30. We find that in the intermediate temperature re-
gime above 1 K, both the NMR and +SR longitudinal
relaxation rates show a unique dominating correlation time
characterized by a thermally activated behavior with an ac-
tivation energy roughly equivalent to the gap between the
lowest rotational bands of this material. These results are
consistent with our theoretical calculations, which show that
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a single interband Orbach process dominates the low-E ex-
citation spectrum in this regime.
As for other molecular magnets, the +SR relaxation rate
becomes independent of T for temperatures below the maxi-
mum in NSLR. The physical mechanism responsible for this
flattening, possibly of quantum origin, is still under investi-
gation.
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